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INTRODUCTION
he United Nations Framework Convention on Climate Change (UNFCCC) was established in 1992 with the objective of lowering greenhouse gas emissions (UNFCCC, 2004) . Nigeria signed the UNFCCC in November 2004 . (UNFCCC, 2015 . Nigeria's carbon emissions (these emissions stem from the burning of fossil fuels and the manufacture of cement and include carbon dioxide produced during the consumption of solid, liquid and gas fuels) was 0.5 metric tons per capita (Worldbank, 2015) . This emission level is much higher than many other African countries such as Kenya (0.33 metric tons per capita) and Cameroon (0.32 metric tons per capita) (EC, 2015) .
Linked to the UNFCCC is the Kyoto protocol which was signed by industrial countries in 2007 (Kyoto, 2010 . The Kyoto protocol places an obligation on nations to lower their greenhouse gas emissions in comparison to 1990 emission levels (Kyoto, 2010) . Kyoto protocol instruments to reduce greenhouse gases include "cap and trade" schemes as well as clean development mechanisms "CDM" (UNFCCC, 2015b) . Nigeria became a signatory of the Kyoto protocol in December 2004 (NG, 2015) and is currently listed as a non-annexure 1 country to the protocol (UNFCCC, 2015a).
The measure or obligations in place for non-annexure 1 countries are significantly lower than annexure 1 countries as the measures of compliance for a non-annexure 1 country is to report on deviations from the 1990 carbon emissions target. (Von Stein, 2005) Annexure 1 countries are allowed to achieve some emissions reductions by cutting in energy and tree planting activities that cut GHG emissions in developing countries (OR non-annexure 1 countries) through clean development mechanisms (Santilli, et al., 2005) . Nigeria being a non-annexure 1 country to the Kyoto protocol is involved in various CDM projects (CDM, 2015) A CDM is a project that allows industrialised countries that are subject to emission reduction targets to develop or finance projects that reduce greenhouse gas (GHG) emission in non-Annex 1 countries1 in exchange for emission reduction credits (Dechezleprêtre et al.,2008) . A CDM project thus reduces carbon emissions through an agreement between an emitter in a developed country and a project owner in a developing country such that the emitter provides infrastructure and capital to the project owner in the developing country to the amount of carbon credit generated by the project owner in the developing country. This credit which is often referred to as a certified emission reduction or In terms of Article 12 of the Kyoto Protocol the broad goals of the CDM is to assist developing countries to the Kyoto Protocol to achieve sustainable development as well as to assist developed country parties to the Kyoto Protocol in achieving compliance with part of their emission reduction commitment under Article 3 of the Kyoto Protocol (Streck, 2004) . The specific objectives of a CDM project are to aid developing countries in achieving outcomes such as poverty reduction, cost-effective emissions reductions as well as environmental benefits thus contributing towards sustainable development (Zomer et al.,2008) . Since the CDM requires approval from all participating parties it effectively establishes a platform for cooperation between annexure 1 and non-annexure 1 countries (Streck, 2004) .
Alternative Market-Based Instruments
Market-based instruments such as carbon tax and cap and trade schemes remain the alternatives to CDM projects (UNFCCC, 2004) . Cap and trade schemes were established under the UNFCCC in 2004 and operate through the issuance by governments of permits to emit greenhouse gases to industrial companies. These permits or licenses can be exchanged in a carbon market thus allowing under polluters to effectively sell under-utilised carbon credits to over polluters (UNFCCC, 2004 & Gilbertson & Reyes, 2009 ). The largest cap and trade scheme in the world is the EU Emission Trading System "EU-ETS" which covers more than 11,000 power stations in 31 countries as well as airlines (EC, 2015a) .
A second market-based alternative to CDM is a carbon tax which is a tax on carbon emissions for the purpose of internalising any associated externalities in relation to anthropogenic climate change (Metcalf and Weisbach, 2009 ). In terms of economic sustainable development, various academic studies have confirmed carbon tax to be possibly regressive in nature (Pillay & Buys, 2013) .
SUSTAINABLE DEVELOPMENT
The broad goals of CDM are to achieve sustainable development in terms of the Kyoto Protocol (Streck, 2004) . The definition of sustainable development arose from the Brundland report in 1987 and has been defined as Development that] meets the needs of the present without compromising the ability of future generations to meet their own needs" (Brundtland et al., 1987) . Sustainable development may be divided into three parts, the environmental, the social and the economic, which is known as the triple bottom line (Newport et al, 2003) .
While economic sustainability refers to the ability to support a defined level of economic output for an indefinite time period (Anon, 2015) , social sustainable development has been defined as growth that is compatible with the evolution of civil society, fostering an environment conducive to the compatible cohabitation of culturally and socially diverse groups while at the same time encouraging social integration, with improvements in the quality of life for all segments of the population. (Bramley et al, 2006) . Social sustainable development would also encompass principle such as gender and race equity, empowerment of socially disadvantaged groups and as well as cultural preservation (Worldbank, 2015a) . Environmental sustainable would encompass the maintenance of natural resources, biodiversity, clean air and water as well as the integrity of the ecosystem (Worldbank, 2015a) .
CDM Projects in Nigeria
A requirement for a project activity to be registered with the UNFCCC as a CDM project, is the submission of a CDM project activity form as well as the payment a registration fee by the designated operational entity (CDM, 2015a) . In 2015, CDM projects in Nigeria totalled approximately 12 projects covering activities such as landfill gas, hydro, biomass energy and fugitive emission reductions (CDM, 2015) . Project concentration is on landfill gas and fugitive emission reduction projects (CDM, 2015) .
In terms of the assessment of CDM projects, the predominant method of assessing the contribution of CDM project toward sustainable development is to examine the underlying project design document of the CDM projects (Pillay and Buys, 2013) . A review of CDM projects by country and regions confirms that projects are unequally distributed P1 -Does CDM effectively contribute to sustainable development in Nigeria?
The research can be described as an exploratory literature study in determining the impact of CDM projects on economic and environmental sustainable development in Nigeria. An overview of the effect CDM projects internationally on sustainable development is first completed and then skewness of the distribution of CDM projects in Nigeria is then considered. An assessment of 10 working CDM projects in Nigeria will then be carried out in order to determine the economic and environmental sustainable development contribution of such projects according to sustainable development criteria.
INTERNATIONAL OVERVIEW OF CDM PROJECTS
There are 7681 internationally registered CDM projects as at December 2015 with approximately 2583 projects having received certified emission reductions (CDM, 2015) . Source: (CDM, 2015) The international distribution of CDM projects as represented in table 1 above is heavily skewed toward the Asia and Pacific region which accounts for approximately 82% of all CDM projects globally. The lowest distribution of CDM project remains with the Europe and Central Asia region as well as the Middle East region. Both regions only account for 1% of all CDM projects globally. The Africa region even though comprising a large number of developing countries only hosts 199 CDM projects and accounts for only 3% of all CDM projects globally.
CDM CONTRIBUTION TO SUSTAINABLE DEVELOPMENT Environmental Considerations
Various studies across the world have been conducted in examining the impact of CDM projects on greenhouse gas emissions:
• A study comparing the effectiveness of CDM projects and international emissions trading systems confirmed that CDM will be more effective than international emissions trading in implementing the Kyoto Protocol (Woerdman, 2000) .
• An evaluation of the overall effectiveness of CDM projects acknowledges that the CDM is effective in providing certified emission reductions, however, the inequitable geographical distribution of projects and lack of sustainable development benefits are still problematic (Paulsson, 2009 ) • Rai (2009 confirms that CDM has successfully channelled funding many projects that reduce the emissions of greenhouse gases but has also spawned various projects with minimal environmental benefits.
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Graph 1. CDM impact on Emissions Reductions
Source: CDM, 2015 CDM effectiveness in reducing actual greenhouse gases on a global basis is measured by comparing the estimated certified emission reductions from CDM projects against the actual greenhouse gas emission reduction for each region in the world. In terms of CDM project effectiveness, the Asia and Pacific region had approximately 8% of their total actual emission reductions covered by CDM CER's resulting in CDM's being most effective in this region. CDM projects appeared to have been least effective in the Middle East region where CER's covered only 1.8% of actual emission reductions. A total of 2.5% of actual emission reductions is covered by CDM CER's in Africa which results in the region being placed of 5 th overall in the world in terms of CDM effectiveness in emission reductions.
Economic Considerations
In terms of economic sustainable development, the effect of CDM on economic sustainable development has been researched with mixed findings. The results of these studies are summarised below:
• In a study of 10 working CDM projects distributed globally no causal relationship could be established between project types and sustainable development outcomes with many cases offering little direct employment opportunities (Boyd et al, 2009 ).
• A study on the impact of CDM on the power sector in China confirms that CDM projects cause net direct job loss of 99 000 but also create 3.08 million indirect job opportunities resulting in a significant net increase in employment in China (Wang et al, 2013 ).
• A study performed on 10 working CDM projects in South Africa confirmed that CDM is heavily skewed toward GHG reduction with little priority being given to employment generation and economic sustainable development (Pillay, 2015) .
The above studies confirm that the impact of CDM projects on the economic sustainable development of many regions around the world including Nigeria is still uncertain. As noted in Graph 4, approximately 42% of CDM projects in Nigeria are in the Delta region. A further 34% of projects are located in Lagos and the Rivers region. The lowest geographic region with CDM projects is Niger, Many and Ogun which each hold 8% of the total CDM projects in Nigeria. Given that close to half of all CDM projects are located in the Delta region of the country one may conclude that distribution of CDM projects by region in Nigeria is also uneven.
Sustainable Development Assessments of CDM In Nigeria
The impact of CDM projects on sustainable development in various countries have been performed with reference to an examination of the underlying project design documents (PDD's) of a CDM project. Studies by Pillay (2015) as well as Sutter & Parreno (2007) have reviewed the underlying PDD's in order to assess the impact of CDM projects on sustainable development. A project design document present information of important technical aspects of the project activity and is a key input into the registration of the project under the Kyoto protocol (CDM, 2015b).
CDM Assessment in Nigeria
A common method for evaluating the contribution of CDM projects to sustainable development is to examine the supporting project design documents (PDD's) in order quantify or assess the contribution of a project toward sustainable development. This method has been used extensively by Sirohi (2007) as well as (Boyd, et al, 2007) in determining the sustainable development impact of a project. A sample of 10 projects selected according to project type as well distribution, with the supporting project design documents then being examined for detailed review. The detailed review entails evaluating the projected sustainable development benefits against sustainable development criteria. These criteria would include health, technology transfer benefits as well as employment and emissions reduction criteria. The objective of the CDM evaluation is to provide a broad overview of the projects contribution toward sustainable development.
In terms of the actual evaluation of projects, "direct benefit" would refer to benefits that immediately manifest from the project while indirect benefits are expected to only manifest at a later stage through the occurrence of a direct benefit. An example could be a reduction in greenhouse gases which would provide an indirect health benefit (in terms 
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Key: aa -direct sustainable development benefit noted aindirect sustainable development benefit noted NB -negligible sustainable development impact noted 
LFG project in Nigeria
The project activity is to build, operate and maintain a landfill gas collection and flaring system on landfills in Lagos.
aa NB NB a aa NB 8.
Kainji Hydropower Rehabilitation Project, Nigeri
The project covers the rehabilitation of unit 5, 6 and 12 of the Kainji Hydropower powerhouse.
Lafarge WAPCO Partial Substitution of Alternative Fuels in Cement Facilities Project in Nigeria
The project activity will partially replace fossil fuels used in pyroprocessing with lower carbon alternative fuels, primarily biomass residue, thus resulting in measurable reductions of GHG (CO2) emissions in Nigeria.
aa NB NB a NB NB
Recovery and
Utilization of Associated Gas from the Obodugwa and neighbouring oil fields in Nigeria
The purpose of this project activity is to implement the infrastructure to allow for the utilization of the associated gas that is currently flared from two oil fields in OML561 in Delta State Nigeria thereby reducing the flaring of associated natural gas and thus emissions of CO2 into the atmosphere.
aa NB a a NB a 
Analysis of results
• Environmental sustainable development: All projects in the sample showed a clear goal of reducing greenhouse gas emissions. The methods of reducing emission include the reduction in flaring as well as replacement of fossil fuels. The benefits were classified as direct for 90% of the projects since the primary objective of the projects was to reduce emissions • Economic sustainable development: Approximately 60% of projects in the sample displayed some economic sustainable development. Of the 60% of projects that contained economic sustainable development goals all of them displayed indirect benefits. The economic benefits included increased productivity due to improved reliability of electric systems in respect of hydro power stations.
• Employment benefits: Approximately 90% of the projects displayed increased employment benefits.
The employment benefits arise to the additional work required to implement the project, and such benefits were limited to the project area. All the employment benefits were indirect in nature and were a by-product of implementing GHG reducing technologies.
• Health benefits: Approximately 70% of projects in the sample displayed some health benefits. All the health benefits were indirect in nature and usually stemmed from reduced air pollution levels.
• Technology transfer benefits: Approximately 40% of the sample displayed technology transfer benefits. Of the projects that displayed technology transfer benefits only, 50% showed direct technology transfer benefits. Technology transfer benefits included improved heating technology in respect of food for poverty stricken homes as well as alternative energy technologies such as hydropower stations.
• Other social benefits: Approximately 30% of the sample displayed other social benefits. All the social benefits were classified as indirect benefits from the project. Social benefits include improving the reliability of the electricity supply for households as well as improving overall access to electricity for the people of Nigeria.
Per a review of the above, it is clear that CDM projects in Nigeria are heavily skewed in favour of greenhouse gas reductions. The by-products of the implementation of technologies to reduce greenhouse gas reductions are increased employment benefits and economic sustainable development benefits. The employment benefits arise out of employment of skilled staff which is required to manage and implement the project as well as infrastructure development which would also require construction work being performed. They are thus seen as indirect benefits arising from the projects.
The economic sustainable development analysis shown above does not consider any economic gains from the sale of future CER's since this is an uncertain event. The health benefits are seen as indirect and long term in relation to the projects and the technology transfer benefits are minimal in most projects. CDM projects clearly appear to be lacking in social benefits, since only 30% of the sample displayed any social benefits for the community in which they were housed. An overall conclusion from the analysis above is that CDM projects in Nigeria are focused on emissions reduction with economic and social implications being secondary by products from the focus area.
Policy futures for CDM projects in Nigeria
Policy futures for CDM projects in Nigeria may include two alternatives. A first alternative would the establishment of international benchmark standards in respect of sustainable development. An example would be that a project must generate some local infrastructure development as well as generate a certain level of employment in the project area. A second alternative could include the generation of an international list of sustainable development benefits which could be amended by individual countries for circumstances or situations within their countries. (Boyd et al., 2009) The first alternative could work in Nigeria provided the benchmarks are both realistic and complete. The second alternative would require a considerable amount of effort and cooperation between countries since they would be required to mutually agree on a comprehensive list of sustainable development benefits. Since the second alternative would not wholly be within the control of the Government of Nigeria it would seem that the first alternative would be easier to implement in the short term.
LIMITATIONS AND FUTURE RESEARCH
The sustainable development benefits of CDM projects were evaluated exclusively through an examination of the supporting project design documents. Since the information in some parts of the PDD's maybe incomplete and certain views contained in the PDD's maybe biased or subjective, the results from an analysis of such documents may be less objective. Given the duration of project life cycles no subsequent evaluation was performed to determine the accuracy of the baseline targets in the PDD. A study which focuses on a subsequent evaluation of a project against targets in the PDD could be performed to determine the effectiveness of CDM contributions to sustainable development.
CONCLUSION
The overview of CDM projects globally confirms that CDM projects to contribute to environmental sustainable development through the reduction of greenhouse gases. Per an analysis of the value of CER's relative to regional GDP, it is confirmed that CDM also contribute to regional economic sustainable development. From an international perspective, it can thus be concluded that CDM contributes to both economic and environmental sustainable development.
In terms of the CDM project distribution in Nigeria by project type approximately 59% of projects are focused on emission reductions and landfill gas projects. This result supports the detailed testing of PDD's which confirm most CDM projects focus primarily on GHG reductions with little or no attention to economic and welfare benefits. In terms of CDM project distribution by project type, it is observed that 42% of CDM projects in Nigeria are in the Delta region and another 34% are located in Lagos and the Rivers regions. Thus in total 76% of all projects will only benefit three regions in Nigeria. The uneven distribution of CDM projects in Nigeria both by region and project type place a doubt on the ability of projects to contribute materially to sustainable development for the country as a whole.
Detailed testing of CDM projects via the PDD review indicates that GHG emission reduction remains a primary objective of all CDM projects. Other sustainable development outcomes such as health benefits, technology transfer, employment and economic sustainable development remain secondary by products of the investment in GHG reducing technologies. In order for CDM projects to contribute more significantly to sustainable development, objectives they will have to include more economic and welfare based objectives such as direct employment generation and education and housing benefits. The policy futures noted above are feasible and should be considered seriously if CDM projects are to contribute materially toward sustainable development in Nigeria.
